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Summary: In a cross-sectional study, the impact of ‘animal-friendly’ housing systems on the prevalence
of Salmonella species, Campylobacter species, and Yersinia enterocolitica in finishing pigs and pork
was investigated. Furthermore, antimicrobial resistance patterns of isolated campylobacter strains
were analysed. In faecal samples of two out of 88 fattening pig farms salmonellae were isolated. All
865 samples of pork were found to be negative. Campylobacter was isolated on 98.9 % of the farms
but only from 0.2 % of the pork samples. Yersiniae were found in samples of 63.3 % of the farms and
in 15.4 % of pork samples. For all three bacteria, there was no statistically significant difference in the
prevalence between conventional and ‘animal-friendly’ housing systems. In ‘animal-friendly’ farms,
antimicrobial resistance of campylobacter isolates to fluoroquinolones and streptomycin was
significantly less frequent than in conventional farms. Furthermore, fewer isolates had resistance to
three or more antimicrobials in ‘animal-friendly’ farms.
Introduction: ‘Animal-friendly’ production systems for finishing pigs are promoted by the Swiss Federal
Office for Agriculture. Such systems primarily differ from conventional production in the use of straw
bedding and outdoor access. In 2000, 28 % of Swiss fattening pigs were kept in farms with ‘animal-
friendly’ production systems (Anonym, 2002). It was shown that these systems improve pig welfare
(Cagienard et al., 2002), but they might represent an increased risk for the occurrence of zoonotic
pathogens in pigs and pork. Furthermore, there are few data on the effect of these housing systems
on antimicrobial resistance of zoonotic pathogens, specifically Campylobacter species. 
The objective of the study was to investigate the prevalence of Salmonella species, Campylobacter
species and Yersinia enterocolitica in finishing pigs and pork in Switzerland. In addition, the effect
of ‘animal-friendly’ housing systems on the load of these pathogens in pigs and pork and on
antimicrobial resistance in isolated campylobacter strains was evaluated.
Materials and methods: A cross-sectional study was performed on 88 finishing pig farms with either
conventional (41 farms) or ‘animal-friendly’ (47 farms) housing systems. On each farm, 20 faecal samples
were taken. Five samples were combined to make one pooled sample (Stege et al., 2000) and cultured
for Campylobacter species, Salmonella species, and Yersinia enterocolitica. At retail, 865 samples of
fresh pork , produced either conventionally (48 % of the samples) or ‘animal-friendly’, were collected in
all regions of Switzerland. Culture was performed for all three micro-organisms using standard techniques.
For antimicrobial resistance testing, one strain from each campylobacter-positive sample was selected
and the disc diffusion method was used (NCCLS, 1997, 1998). Tested antimicrobials included fluoroquinolones,
erythromycin, tetracycline, kanamycin, polymyxin, chloramphenicol, gentamicin and streptomycin.
Results: Salmonella species were found in samples from two farms (2.3 %). However, all 865 samples of
pork at retail were found to be negative. In samples from all but one finishing farms, Campylobacter
species were isolated. On retail level, only 0.2 % of the pork samples were found positive for Campylobacter
species. Yersinia enterocolitica were isolated in samples from 63 % of the farms, but only in 15 % of pork
samples. In pork, 119 out of 133 (89.5 %) yersinia isolates belonged to biotype 1A. Six isolates (4.5 %),
belonging to several bio- and serotypes, were considered to be potential human pathogens, and eight
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isolates (6 %) could not be further classified. For all three cultured bacteria, there was no statistically
significant difference in the prevalence between conventional and ‘animal-friendly’ housing systems.
Statistically significant differences between the two housing systems were observed for resistance to
fluoroquinolones and streptomycin. Resistance to fluoroquinolones was present in 31 % of the isolates
from traditional farms, but only in 20 % of the isolates from ‘animal-friendly’ farms. Resistance to streptomycin
was common in both housing systems, but more frequent in traditional farms (85 % of the isolates) than
in ‘animal-friendly’ farms (74 % of the isolates). When resistance to multiple antimicrobials was compared,
fewer isolates from ‘animal-friendly’ farms were resistant to three or more of the tested antimicrobials.
Discussion: Our results document that for prevalence of salmonella, campylobacter and yersinia,
microbiological quality of Swiss pork was on an equally high level in both conventional and ‘animal-
friendly’ production systems. Thus, the endeavour of Swiss government and Swiss pork industry to
combine ‘animal-friendly’ meat production with food safety was shown to have been successful.
As regards antimicrobial resistance, the quality of ‘animal-friendly’ produced meat was even superior
to conventional production. It was shown in another study on the same farms, that pigs in ‘animal-
friendly’ farms had less injuries of the joints and injuries from tail biting than pigs in traditional farms
(Cagienard et al., 2002). Fewer injuries might have resulted in a reduced use of antimicrobials. Therefore,
reduced antimicrobial resistance in ‘animal-friendly’ production systems was probably not directly
caused by differences in the housing systems, but it could be interpreted as an effect of improved
pig health and therefore fewer treatments. This hypothesis will have to be investigated further.
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Summary: A colony blot hybridization method with a digoxigenin-(DIG)labelled nucleotide probe
was developed to enable Campylobacter jejuni species-specific identification of colonies present
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